Objectives There are many studies about Iranian clinical pharmacists' interventions and their impacts on medication safety and cost. The aim of this study is to collect data and critically evaluate the clinical and economic effects of Iranian clinical pharmacist interventions and activities. To our best of knowledge, this research is the first review of publications about Iranian clinical pharmacists' interventions and activities.
Introduction
Clinical pharmacists are practitioners with advanced education and training, providing direct patient care and comprehensive drug management to patients and health-care providers, such as physicians and nurses [1] . Most clinical pharmacists work in hospital wards and they have attracted a significant attention worldwide as an important member of the patient care team for both ambulatory and in-patient care settings. Their practices aim to optimize the use of medications and improve patient outcomes by selecting appropriate drug, dosage form and route of administration, as well as monitoring and identification of adverse effects of drugs and their economic efficiency [2, 3] .
It has been shown that pharmacists can improve medication adherence, knowledge and appropriateness of prescribed drugs, and at the same time, they can reduce the hospital stay [3] . Despite capability of pharmacists to assist with many of the challenges that currently the healthcare system is facing, it has been shown that pharmacists are considered as the most underutilized health care professionals [4] . Nowadays, the increased pressure on healthcare resources is threatening the pharmacists and the danger of erosion of pharmacists' previous gains is being felt [5] . Therefore, it is necessary to provide sufficient information regarding clinical benefits, as well as cost effectiveness data on pharmacy services to justify the pharmacists' capabilities and their important roles in health care systems [6] .
Clinical pharmacy residency program was started in Iran in 1994. Now, after nearly 20 years, there are more than 100 graduated clinical pharmacy specialists in our country. Most of them are faculty members of national universities and they also work in various wards of teaching hospitals [7] . There are many studies about Iranian clinical pharmacists' interventions and their effects on ADR, ME and medication cost but to our best of knowledge, there has been no comprehensive systematic assessment of the overall impact of Iranian clinical pharmacists' services on patient outcomes and treatment costs. Therefore, the aim of this study is to collect data and critically evaluate the clinical and economic effects of Iranian clinical pharmacists' interventions and activities. To our best of knowledge, this research is the first review of publications regarding Iranian clinical pharmacists' interventions and activities. The underpinning research question for this systematic review was 'How do the professional activities of a clinical pharmacist in Iran impact on the patient outcomes, as well as cost of drug therapy?
The goal in identifying the impact of clinical pharmacists' interventions is to provide evidence tosupport their continued integration in the health care teams.
Methods
This systematic review follows the recommendations of the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) statement [8] . In order to conduct the literature research and subsequently guide a screening process for relevant articles, a research question was generated, being addressed with reference to participants, interventions, comparisons, outcomes, and study design (PICOS).
Aliterature review was conducted using PubMed, Scopus, Medline, Cochrane Central Register of Controlled Trials, Cochrane Database of Systemic Reviews, and Google Scholar as online databases Searched keywords were as follows: BIranian^, Bclinical pharmacist^, Badverse drug reactions^, Bmedication errors^, Bdrug interaction^, Bdrug utilization evaluation^, Bcost^, and Binterventions^. Searches were performed by two authors to confirm consistency and accuracy of results. Search results from multiple databases were transferred to a reference manager, End Note X7. The inclusion criteria for this systematic review were as follows: Studies published in English language, studies published as peer reviewed full-text articles, studies assessed an intervention performed by a clinical pharmacist or team of clinical pharmacists in either out-patient or inpatient settings, as at least a main surrogate end point. Non-peer reviewed literature, including government documents, technical reports, newspaper articles, letters to the editor, media releases, as well as noninterventionalobservational or retrospective studies, clinical trials, congress abstracts, systematic reviews, meta-analyses and case reports or case series were not eligible for inclusion. Figure 1 shows a flow chart of the reviewing and screening process. At first stage, titles were evaluated to identify potentially relevant articles and remove non-pertinent studies. At second stage, the abstracts were reviewed. If the inclusion criteria were not met, study was excluded. The full text of studies that had not been excluded, were reviewed at stage 3. The studies included in the systematic review were reviewed by all the authors to ensure that they met inclusion criteria. Any discrepancies were discussed by the authors to reach a final decision. At fourth stage, the articles were classified into five primary groups based on the type of intervention conducted by the clinical pharmacists: Establishing pharmaceutical care in out-patient clinics and drug information centers; prevention, detection, and management of ADR; designing protocols and improving drug utilization pattern; prevention, detection, and management of MEs; and all clinical pharmacist services. It should be mentioned that several studies could fall into multiple categories, so the categorization was performed based on the main type of intervention conducted by clinical pharmacists and these studies were not repeated in different categories. Then, the data was extracted from recruited articles, including author details, year published, study setting, participant number, study period, study design, type of intervention, and primary as well as secondary outcomes.
The details of 39 eligible studies are shown in Table 1 , all of which were Iranian studies conducted and published before October 2018 and evaluated economical and clinical outcomes of clinical pharmacists' interventions. Topics of recruited studies were as follows: Establishing pharmaceutical care in out-patient clinics and drug information centers(n = 4);prevention, detection, and management of ADR(n = 4); designing protocols and improving drug utilization pattern(n = 16), prevention, detection, and management of MEs(n = 11),and all clinical pharmacist services(n = 4).
Establishing pharmaceutical care in out-patient clinics and drug information centers Fahimi et al. in 2011 evaluated the adequacy of anticoagulation and the effect of consultation services by clinical pharmacists in the first pharmacist-managed anticoagulation clinic in Iran. During a 14-month period, all patients on warfarin therapy were regularly monitored and consulted based on the 7th ACCP guideline. Education package and International Normalized Ratio (INR) logbook were also given to each patient. Among different clinical pharmacists' interventions, increasing the dose (31.6%) was the most common one. About half (47.7%) of patients reached the target INR on follow-up visits. In this outpatient setting, apart from INR monitoring, clinical pharmacists also educated patients about warfarin drug-drug and drug-food interactions, as well as their nutrition and disease [9] .
Another study was conducted in Pharmacotherapy Consultation Clinic within 13-Aban pharmacy area by Jahangard-Rafsanjani and her colleagues in 2017, in which the outcomes and feasibility of a pharmacy-based cardiovascular screening program were assessed. The patients were evaluated regarding their demographic and clinical profile, major cardiovascular risk factors, exercise habits, medical conditions, medications, and family history; then Framingham risk score was calculated. Recommendations regarding diet, weight management, physical activity, and Prevention, detection and management of ADR (n=4)
All clinical pharmacist services (n=4) Fig. 1 The flow diagram of the study Fahimi et al. [44] T e h r a n tobacco cessation, as well as printed education materials were provided to all patients. Additionally, a clinical summary sheet signed by a clinical pharmacist was given to all high-risk. Participants were contacted one month later and they were asked if they had followed given recommendation. The results showed that adherence to the follow up recommendation was 46% among high risk patients for cardiovascular diseases [10] . Drug and poison information call centers (DPIC) are another area in which Iranian clinical pharmacists have been involved. Entezari-Maleki et al. in 2014 assessed all call services delivered to the DPIC of 13-Aban pharmacy, operated by the department of clinical pharmacy during 2 years. Of the total 110,310 calls services delivered to this center, 585 and 420 potential cases of ADRs and major DDIs were detected, respectively. The clinical pharmacists educated patients about the correct time, dose, administration route and also drug-drug as well as drug-food interactions. They also consulted healthcare professionals about stability, storage, compatibility, and all other drug information issues. They concluded that DPIC can offer drug consultation, as well as detecting and preventing ADRs and DDIs, to patients' health promotion and improvement in their pharmacotherapy [11] .
Karimzadeh et al. in 2017 reported the annual contacts to DPIC of Shiraz Namazi hospital, the largest referral university hospital in the southwest of Iran, that were under the scientific supervision of clinical pharmacists. Four hundred and eightyfive contacts were registered. The most common types of questions were drug indication (13.3%), ADRs (13.3%), storage (11.8%), and the method of preparation as well as administration (11.7%). The majority of questions were asked by the health-care team working in Namazi hospital and mostly from the nursing group. They concluded that DPICs in the hospitals are suitable services for reducing the rate of ADRs and MEs, as well as improve the pattern of medication use which can result in cost saving [12] .
Prevention, detection and management of ADR
The roles of clinical pharmacists in ADR reporting were assessed by 4 studies. Baniasadi et al. in 2008 developed an ADR system at MasihDaneshvari hospital affiliated to Shahid Beheshti University of Medical Sciences. During the period of 12 months, healthcare professionals were educated and encouraged to report all suspected ADRs through yellow forms via publishing monthly ADR bulletins and providing training lectures. One hundred twelve spontaneous reports were received from 7 wards. The most common medication class and agent reported to induce ADRs were anti-infectives and ceftriaxone, respectively. The most frequently affected system was the skin and appendages system. 19and 25 ADRs were identified to be serious and preventable, respectively. Authors believed that the rate of ADRs reported by healthcare professionals (physicians and nurses) in their hospital was somewhat low [13] . Khalili et al. in 2012published an article regarding knowledge, attitude and perceptions/practices of healthcare workers about ADR in a single-center interventional study on 100 healthcare workers of Imam Khomeini Hospital. They designed a validate questionnaire based on WHO definition about ADR. In the first phase of the study, they invited medical students, nurses, physicians and pharmacists to participate in the study and fill the questionnaire. Then the educational phase including workshops, meetings and presentation was done by clinical pharmacists. During this one-month period, the participants learned how to fill a yellow card and clinical pharmacists emphasized on the importance, seriousness, preventability, necessity and advantages of reporting ADR. After 3 months, participants filled the same questionnaire. The results showed that 91.5% of the healthcare workers of hospital never reported any ADR.49% of participants were not even aware of Iranian Pharmacovigilance Center before the intervention phase. However, after that, all of them knew this center [14] . Baniasadi et al. in 2014 evaluated the role of clinical pharm a c y r e s i d e n t s i n r e p o r t i n g A D R s w i t h i n t h e MasihDaneshvari teaching hospital. Clinical pharmacy residents were trained to report all suspected ADRs through ADR-reporting yellow cards. During one-year period of study, 202 ADRs from 8 wards were reported. Anti-infective agents were accounted for the most frequently reported ADRs and among anti-infective agents, rifampin was accounted for the highest number of reported ADRs. The most frequently affected system was gastro-intestinal. 44 and 18 ADRs were classified as serious and preventable, respectively [16] .
Designing protocols, improving drug utilization, and cost saving Khalili et al. in 2010 evaluated the appropriateness of deep vein thrombosis (DVT) prophylaxis before and after pharmacist intervention in the infectious ward of Imam Khomeini hospital in Tehran. During the pre-intervention phase of study, they assessed the patient's risk factors for DVT during hospitalization period and physician's approaches to DVT prophylaxis. Based on the available literature and guidelines, clinical pharmacists prepared an internal guideline for DVT prophylaxis. In the post-intervention phase, clinical pharmacist assessed DVT risk and gave recommendation on the appropriateness of prescribing anticoagulants as DVT prophylaxis for physicians. Before clinical pharmacist's intervention, 69.9% of patients had appropriate indication. After the intervention, 88.4% of patients were prescribed anticoagulants appropriately. A statistically significant decrease was also observed in the number of patients who had the indication for prophylactic treatment of DVT but did not receive any anticoagulants [17] .
Inappropriate use of acid suppression therapy (AST) for stress ulcer prophylaxis (SUP) has become increasingly common in recent years. Thus, Iranian clinical pharmacists performed two interventional studies in this field. Khalili et al. in 2010 conducted a prospective, pre-post intervention study to determine the effects of a clinical pharmacist intervention including AST prescribing and adherence to guideline for use of SUP in the infectious ward of Imam Khomeini hospital. In the pre-intervention phase (4-months), baseline SUP prescribing patterns were assessed. Then, he clinical pharmacists prepared an internal guideline in accordance with American Society of Health-System Pharmacists (ASHP) guideline for use of SUP and educated the physicians who monitored and visited the hospitalized patients during a 4-month period. The results implicated that the clinical pharmacists' intervention was associated with significant reduction in the use of acid suppression therapy overall and also in patients without an absolute indication for SUP [18] .
A similar study was done by Mousavi et al. in 2013 in the nephrology ward of the same hospital. In comparison to the pre-intervention phase, significant relative reduction in the inappropriate SUP prescription rate and related cost (by about 44% and 67%, respectively) was observed after the intervention [19] .
Considering the fact that end-stage renal disease (ESRD) patients have different complications and they take several medications, two studies specifically evaluated clinical pharmacist's interventions in hemodialysis (HD) patients in Iran. Dashti-Khavidaki et al. in 2012 designed a six-month prospective study in which clinical pharmacists conducted medical visits and adjusted the patients' medications based on their laboratory data and NKF-K/DOQI guidelines in the hemodialysis ward of Imam Khomeini hospital in Tehran. According to their study, hemoglobin concentration increased and serum ferritin reached target value in anemic patients. Serum calcium concentration was increased and decreased in hypo calcemic and hypercalcemic patients, respectively. An improvement in Ca × P product as well as intact parathyroid hormone concentrations were also observed. Triglycerides, total cholesterol and low-density lipoprotein cholesterol decreased to nearoptimal values [20] .
The same study group in 2013 assessed the use of pharmaceutical care to improve health-related quality of life (HRQOL) in HD patients of Imam Khomeini hospital in Tehran. In comparison to the control group that received only standard care of the ward, case group received clinical pharmacist-led pharmaceutical care in addition to the standard care. During weekly visits, clinical pharmacists assessed different aspects of patients' pharmacotherapy and gave required advices as well as educations. Two published booklets regarding correct drug administration and nutrition by clinical pharmacists were also given to patients. It was observed at the end of the study period (6 months) that median of HRQOL improved in case group especially in the role-emotional, mental health, social functioning, and general health dimensions in compare to control group [21] .
Comparison of clinical pharmacist-based parenteral nutrition (PN) with conventional PN in Iran was studied in two articles in the bone marrow transplantation (BMT) settings. The first one was designed by Tavakoli et al. in 2013 to evaluate the effect of individualized PN based on Harris-Benedict equation in patients undergoing autologous hematopoietic stem cell transplantation at Taleghani BMT Centre in Tehran. They compared different clinical (duration of hospital stays, fever, infection and mortality), nutritional (bodyweight and days of PN) and paraclinical factors (serum proteins, white blood cell (WBC), platelet engraftment, packed cell and platelet transfusions) between patients received individualized PN and those received conventional PN. This study demonstrated that patients received individualized PN had less weight loss, lower incidence of infection, more rapid platelet engraftment, shorter duration of hospital stay, and less units of packed-cell transfusions [22] .
At the same year, Mousavi et al. published the second study about clinical pharmacist-based PN service for BMT patients at Shariati hospital in Tehran. They compared nutritional status, clinical outcome indexes (length of hospital stay, rate of graft versus host disease, time to engraftment, and mortality rate) and safety profile (hyperglycemia, hepatic dysfunction, catheter infection) between the intervention and control groups. Patients in the control group received a routine nutrition support protocol. In this group, PN was started on the first day after transplantation regardless of tolerance of oral feeding and was continued until the catheter was removed at discharge. In contrast, PN was started in only certain conditions like oral intake ≤50%, inability to use enteral feeding, and serum albumin level < 3 g/dl in the intervention group. In this group, patients received PN based on the standard guidelines of nutrition support. All the procedures of PN (order, preparation, monitoring, and discontinuation) were carried out by the clinical pharmacy team. The intervention was associated with fewer days of PN, more improved nutritional status, shorter length of hospital stay, and more episodes of hyperglycemia in comparison to the control group [23] .
Regarding blood glucose monitoring, Farsaei et al. in 2014evaluated the impact of clinical pharmacist interventions on the glycemic control in the infectious disease ward of Imam Khomeini Hospital in Tehran. Different interventions were implemented by clinical pharmacists in this regard, such as holding oral anti-diabetic medications (if necessary, based on blood glucose and illness status), correction of daily insulin dose (based on blood sugar monitoring), and supplemental insulin dose (if necessary). They also educated both nurses and patients about correct technique for insulin administration and blood glucose measurement by glucometer. The percentage of controlled random blood sugar was significantly higher in the post-intervention group than that in pre-intervention group (22.3% versus 13.8%, respectively). Similar, but not statistically significant, increasing trend was identified about percentage of controlled fasting blood sugars after the intervention [24] .
Mahmoudi et al. in 2015 designed an 8-month study to evaluate both clinical and economic impacts of pharmaceutical practice guideline implementation for three costly medications, including albumin, enoxaparin, and pantoprazole in a tertiary hospital in Shiraz. They prepared a practice guideline for usage of these three costly medications based on the consensus guidelines. The results showed that in the preintervention period, 51.2%, 26%, and 67% of albumin, enoxaparin, and pantoprazole administrations were inappropriate, respectively. Guideline implementation resulted in significant reduction in the total value of costly administered drugs by 56%per month which accounted for85,625USD. Regarding clinical outcomes, the incidence of venous thromboembolic as well as gastrointestinal bleeding events, length of hospital stay, and mortality rate were comparable between pre-and post-intervention phases [25] .
Three studies specifically assessed the interventions of clinical pharmacists in optimizing the utilization of albumin, as one of the costliest medications in hospitals, and its possible economic impacts. In 2017, Zolfagharian et al. evaluated and compared the appropriateness of albumin usage before and after implementation of a local guideline in4wards with the highest albumin consumption statistics at a teaching hospital in Mashhad. During the preparation phase, clinical pharmacists designed a standard protocol on albumin indications based on guidelines, such as American Hospital Formulary Service (AHFS) and ASHP. During the next 6 months (post-implementation phase), medical records of 50 patients receiving albumin were reviewed. The results showed a non-significant reduction of improper albumin use rate (from 62% to 57.5%). However, the average number of consumed albumin vials (from 8.80 to 4.15 vials), dose (from 52.63to 13.04 g) as well as duration of inappropriate albumin therapy (from 52.63 to 13.04 days) and the cost (from 317.78 to 149.81USD) for each patient were significantly decreased [26] .
Another investigation was done by Laki et al. in 2017 aimed to evaluate the effects of hospital-wide interventions to optimize albumin use in a teaching clinical setting in Tehran. This study was comprised of three phases: In the first phase the pattern of baseline albumin use was determined. In the second phase, the designed guideline was presented to the physicians. In the third stage, the physicians were asked to fill the order sheet and send it to the hospital pharmacy. The interventions significantly increased albumin orders with appropriate indication (from 42% to 62%) and reduced the frequency of inappropriate orders (from 58% to 27%) over the three phases of the study [27] .
Finally, Dastan et al. conducted a two-phase study, comprising an observational drug utilization evaluation and a pharmacist-led audit and feedback interventional study in a tertiary referral hospital in Tehran, in 2018. During the interventional phase, physicians were asked to fill out the albumin request form and send the form to the pharmaceutical care department. Then, the form was reviewed by a clinical pharmacist. The results showed inappropriate prescription of 78.4% and 38.4% of albumin vials during the observational and interventional phases, respectively. The intervention caused a significant decrease in the unjustified use of albumin (79.3%), leading to38,800 USD reduction in inappropriate costs of albumin [28] .
Also, Vazin et al. conducted a six-month prospective study in clinical wards of Namazi hospital in Shiraz to evaluate the impact of an intervention by the pharmaceutical care unit on the use pattern of three high-cost medications, including albumin, IVIG, and IV pantoprazole and their direct costs. The physicians were asked to complete indications checklists designed by a clinical pharmacist for this purpose when ordering these drugs. Then trained general pharmacists examined these checklists and were authorized to either approve or disapprove the indication forms under the supervision of clinical pharmacists. The result showed that the total number of administered medications decreased significantly by 50.76% during the intervention period. Additionally, the direct cost of albumin and IVpantoprazole significantly decreased (55.8% and 83.92%, respectively) [29] .
There are also three articles about Iranian clinical pharmacists' interventions on antibiotic use and stewardship including colistin, carbapenems, and vancomycin at teaching hospitals.
Sistanizad et al. in 2013 studied the effect of an antibiotic stewardship program (ASP) by carbapenems restriction on gram-negative antimicrobial resistance in 2 ICUs of a teaching hospital in Tehran. Carbapenem (imipenem and meropenem) uses were restricted to only culture proven multi-drug resistance bacteria with the absence of sensitivity to other antimicrobial agents, under close supervision of infectious disease specialist and the clinical pharmacist in one of the studied ICUs. Compared to the pre-intervention period, the sensitivity of P. aeruginosa (rather than Klebsiella and Acinetobacter) to imipenem, and carbapenems' defined daily dose was significantly increased and decreased, respectively [30] .
Tavakoli-Ardakani et al. in 2015 designed a pre-post intervention study to determine the accuracy of vancomycin use before and after clinical pharmacist intervention in patients admitted to the ICU and hematology-oncology wards of Taleghani hospital in Tehran. Pharmacist interventions were categorized into three main sets: appropriate initiation, duration, and dosing regimen of vancomycin therapy. After pharmacist intervention, a significant improvement was observed in the appropriate initiation of vancomycin (but not dosing regimen and duration of therapy). Pharmacist discussions with the physician resulted in vancomycin discontinuation and dosage adjustment in 50% and 30.77% of cases, respectively [31] .
Beside drug use evaluation, Vazin et al. in 2017 also reported interventions of a clinical pharmacist in detecting and correcting inappropriate dose and indication of colistin in 100 patients in 4 ICUs of a referral hospital in Shiraz. Clinical pharmacist's suggestions regarding correcting colistin dose, based on patients clinical and paraclinical conditions were accepted by physicians in89% of cases. The acceptance rate of clinical pharmacist's suggestions was 100% in the case of incorrect continuation of empirical therapy [32] .
Detection, prevention, and management of medication errors
Clinical pharmacists' practices in the detection, prevention, and management of medication errors (MEs) have been the subject of 11interventional studies in Iran.
In 2009, a 4-month study was conducted by Vessal to determine the role of a clinical pharmacist on detection and prevention of prescription errors at the nephrology ward of a referral hospital in southern of Iran. Eighty-six prescribing errors including wrong frequency, wrong drug selection, overdose, failure to discontinue, failure to order, under-dose, wrong time, monitoring, wrong route, and drug interactions occurred in 60.5% of hospital admissions. 96.5% of the prescription errors were accepted by the attending physician and interventions were made. The most common errors were related to immunosuppressive and anti-infective medications [33] .
In 2011, Abbasi-Nazari et al. assessed the role of clinical pharmacists in educating nurses to reduce drug-food interactions (absorption phase) in 4 wards of a teaching hospital. This study was designed in 3 phases. In the first phase, only drugfood interactions were recorded by a trained pharmacy student. During the second phase, clinical pharmacists prepared information pamphlets and trained nurses. In the third phase, nursing practices were observed again one month later. Nurse training was associated with significant reduction in the rate of incorrect drug administration (from 44.6% to 31.5%) and also absorption drug-food interactions [34] .
Khalili et al. in 2011assessedthe role of clinical pharmacist's interventions within 1 year in the detection and prevention of MEs in the infectious disease ward of Imam Khomeini hospital in Tehran. They detected 112 MEs among 861patients,of which drug dosing, choice, use and, interactions were the most common ones. Clinical pharmacists made recommendations about all detected MEs and health care provider team accepted them [35] .
In 2012, Dashti-Khavidaki et al designed a case-control interventional study about the role of clinical pharmacist in improving medication administration through enteral feeding tubes by nurses. In the pre-interventional phase, they assessed baseline knowledge of nurses by different questions regarding medication preparation, tube flushing, recognizing drug-drug/drugfood interactions, and recognizing dosage forms. In the interventional phase, they educated nurses in the case group by preparing evidence-based booklet and classes. After 3 months, nurses in both case and control groups were evaluated again. Findings indicated a significant increase in the mean scores of knowledge and practice questions in the case group but no change or even reduction in the control group [36] .
Abbasi-Nazari et al. in 2012 published another study about the effects of nurse's education on reduction of errors in intravenous (IV) drugs preparation and administration in intensive care unit (ICU) and surgical ward of a teaching hospital in Tehran. In the pre-intervention phase, IV drug preparation and administration by nurses were monitored. In the interventional phase, nurses were educated via installation of wall posters and giving informative pamphlets. Finally, IV drug preparation and administration by nurses was observed again after the educational phase. This study showed a significant difference between the rate of ME before and after interventions in either ICU or surgery and the total two wards [37] .
Khalili et al. in 2012conducted another study at an infectious disease ward to determine the frequency and type of MEs, the type of clinical pharmacy interventions, acceptance of pharmacist interventions by health-care provider team, nursing staff satisfaction with clinical pharmacy services, and the probable economic impact of clinical pharmacy interventions. Among different types of MEs, the most common ones were incorrect dose (35.5%), omission error (24.3%), and incorrect medication (14.3%).The mean number of clinical pharmacist interventions per patient was 3.2.More than half of (59.8%) clinical pharmacy interventions were associated with adding a drug to treatment regimen, drug discontinuation, and changing the frequency, duration or dose of drugs.39% of clinical pharmacists' interventions had moderate to major financial benefits. Although not reaching the level of statistical significance, the direct medication cost per patient was decreased about 3.8% (from 153.9 to 148.1 USD) following clinical pharmacist's interventions. The acceptance rate of clinical pharmacist interventions by healthcare provider team, including nurses and physicians was 80% [38] .
Namazi et al. in 2014 studied potential drug-drug interaction (DDIs) in neurology wards of Namazee and Faghihi hospitals in Shiraz. During the study period, 4539 DDIs were detected by the Lexi-Comp software. The most common type C, D, and X DDIs were between Heparin-Aspirin (23.40%), WarfarinAspirin (16.30%), and Omeprazole-Clopidogrel (0.60%), respectively. They found 484 ADEs, of which the most common were platelet and clotting disorders. Among all 421 clinical pharmacist's administrative and prescription interventions, 74.24% were accepted by both physicians and nurses [39] .
Gharekhani et al. in 2014evaluated the frequency, types, direct-related costs of MEs, as well as clinical pharmacist interventions during 18 months at the nephrology ward of Imam Khomeini hospital. During this study, MEs were detected, managed, and recorded by the clinical pharmacists. Among406 studied patients and 7762 ordered medications, the rate of ME was 3.5 errors per patient and 0.18 errors per ordered medication. More than 95% of MEs occurred at the prescription stage. Preventing MEs by clinical pharmacists' interventions decreased direct medication costs by 4.3% [40] .
In an eight-month prospective study in 2015, Hassani et al. determined the frequency and type of clinical pharmacist's interventions and MEs in the infectious disease ward of Loghman hospital, affiliated to Shahid Beheshti University of Medical Sciences in Tehran. A clinical pharmacist collected all patients' data admitted to the infectious disease, completed pharmacotherapy monitoring forms and extracted MEs. They used Caprini risk assessment model for DVT prophylaxis and ASHP guideline and articles for SUP. DVT prophylaxis, SUP prophylaxis, and vancomycin monitoring were the most common MEs. The most common clinical pharmacist intervention was requesting vancomycin level assays in the patients followed by adding a drug to the treatment regimen, and changing the frequency, duration or dose of drugs [41] .
Foroughinia et al. in 2016 evaluated the clinical pharmacists' interventions in patients admitted to the neurology ward of Faghihi hospital in Shiraz. Apart from 168 ME detected by a general pharmacist, a total of 346 interventions were done by the clinical pharmacist. Prescriber informed was the most frequent intervention (28.6%). The acceptance rate of clinical pharmacist's intervention by physician was 41.91% [7] .
Haghbin et al. in 2016 evaluated the incidence, types and outcomes of MEs in patients admitted to pediatric ICUs (PICU) during 6 months at Namazi hospital in Shiraz. A trained pharmacist under the supervision of a clinical pharmacist evaluated the patients' medications for MEs by direct observational method. The pharmacist intervened via instructing about correct administration, prescription and transcription, only in situations that ME could cause substantial harm to patient (level 2-6). The most frequent MEs were administration errors. Of 42 pharmacist interventions, 80% of them were accepted and led to the correction of MEs [42] . 75.4% of all interventions were classified as grade 1 (minor potential inconvenience). Most interventions (97.6%)were considered to be appropriate and relevant [45] .
All clinical pharmacists' interventions
Finally, in 2018, Mahmoodpoor et al. reported clinical pharmacy services during 9 months in the ICU of Shohada hospital in Tabriz. During the study period, a total of 832 interventions on 242 patients were performed by the clinical pharmacist. The intensivists accepted approximately 93.6% of the interventions. The most common intervention was adding a new medication to a drug regimen or switching to a needed new one. Also, the clinical pharmacist provided drug information to employees and medical staff in 13% of interventions [46] .
Discussion
This systematic review evaluated studies that investigated clinical pharmacists' interventions and their impacts on clinical and economical outcomes in Iran. To our best of knowledge, this study is the first review of publications regarding Iranian clinical pharmacists' interventions and their related benefits.
Regarding improvement in the pattern of medication use (as one of the most frequent interventions of Iranian clinical pharmacists), most studies have been dedicated to antibiotics, anticoagulants, and albumin. Today, global concerns about antibiotic resistance highlight the importance of antibiotic stewardship programs. Clinical pharmacists, as the key and central member of antibiotic stewardship team, has been reported to have substantial impacts on reducing MEs, antibiotic resistance rates, length of hospital stay, and also the cost in Western countries [47] [48] [49] . Similarly, at least one study in Iran has clearly demonstrated the beneficial interventions of clinical pharmacists in decreasing carbapenem defined daily dose and burden of resistant pathogens in the ICU [30] .
Among anticoagulants with narrow therapeutic window, warfarin has many inconveniences, such as needing regular monitoring, variability of the patient's response, risk of bleeding and drug-drug as well as drug-food interactions. Several studies have demonstrated that anticoagulation management services or clinics can lead to a significant improvement in anticoagulation management in the outpatient settings. Schilling et al. conducted a cluster randomized trial in which the impact of an inpati ent Pharmacist-Directed Anticoagulation Service (PDAS) on transition of care and safety of patients receiving warfarin anticoagulation was assessed. In the PDAS group, warfarin dosing, monitoring, patient education, and transition of care was managed by a specialized team of clinical pharmacists that cooperated with physicians and outpatient anticoagulation clinic staff. An improvement was observed in the safety and efficiency of the care provided by this new service in certain subsets of more complex patients [50] . According to Entezari-Maleki et al. systematic review, pharmacist-led services were superior to usual medical care in achieving INR within normal range, reducing the probable bleedings and its interactions [51] . This issue was also observed in the first official pharmacistbased warfarin-monitoring service in Iran [9] .
In terms of ADR and MEs, several studies in Iran clearly implicated the undeniable and considerable role of clinical pharmacists in early detection, management, and prevention of these undesirable and potentially harmful events. The annual number of ADR reporting in Iran (about 4300 reports in the year 2008) is much lower than WHO standards (200 reports per1,000,000 inhabitants per year) [52] . Therefore, as implicated by Baniasadi et al., pharmaceutical care team including hospital pharmacists, and clinical pharmacist specialists as well as residents could improve the ADR reporting system in Iran [16] .
Beside ADR and MEs, cost is the other item that has been considered in several studies included in this review. Medication cost reduction by clinical pharmacist interventions ranges from 3.8% to 67%. Health Revolution Program (since May 2013) has been highlighted the issue of medication cost saving in our country. The prominent study that specifically focused on this issue was performed by Mahmoudi et al. in a teaching hospital in Shiraz, in which clinical pharmacists interventions were associated with considerable cost-saving [25] . Similar findings (55.88% that equals to 77,720 USD cost reduction per month) have been observed for albumin, intravenous pantoprazole, and intravenous immune globulin in another referral hospital in Shiraz [29] .
Most clinical pharmacist interventions have been reported from in-patient settings in Iran, mostly Tehran. Iranian clinical pharmacists actively attend or give services in various hospital wards such as emergency department, cardiovascular disease, nephrology, infection disease, hematology-oncology, kidney transplantation, liver transplantation, BMT, geriatric, pediatric, pulmonary, endocrinology, neurology, gastroenterology, and ICU. Regarding outpatient and ambulatory care settings in Iran, only 4studies have been published from the anticoagulation clinic, pharmacotherapy consultation clinic within a community pharmacy, and DPICs. In these centers, clinical pharmacists review patient' spharmacotherapy, assess possible MEs as well as ADRs, and educate patients. For example, Fahimi et al. in their warfarin clinic informed patients regarding benefits of warfarin therapy, bleeding and thrombosis symptoms, interactions, and management of missed dose(s). [9] Various types of pharmacist-managed clinics (PMCs) have been well documented in the literature including pharmacist-managed asthma clinics and immunization services, as well as anticoagulation, hyperlipidemia, Helicobacter pylori infection, diabetes, hypertension, latent tuberculosis infection, pain, smoking cessation, and cancer chemotherapy. PMCs have beneficial impacts in terms of patients' adherence to treatment and their knowledge about pharmacotherapy, cost-effectiveness, and the treatment outcomes [53, 54] . There are few published reports about the implementation of PMCs and their clinical impact in Iran. Although other unpublished activities in the ambulatory care are currently being conducted in our country, this field is somewhat overlooked by both clinical pharmacists and health policymakers and planners in our country and needs more attention.
Few studies reported the acceptance rate of clinical pharmacist interventions by healthcare provider team (nurses and physicians) in Iran. This ranged from 41.91% to 94.5%. This wide variation in the acceptance rate of clinical pharmacist interventions can be partially explained by the time duration that the wards have been received services from clinical pharmacists. For example, this rate was 94.5%in the nephrology and infectious disease wards of Imam Khomeini hospital in Tehran, capital of Iran, in which clinical pharmacist services have been provided for more than 2 decades. In this regard, about three-fourth(74.35%) of included studies were from either ambulatory care or in-patient settings in Tehran [43] . In contrast, acceptance rate was reported to be 41.91% in a neurology ward of a teaching hospital in Shiraz where clinical pharmacy services are relatively new [7] . The acceptance rate range reported from European and American studies is 73-89% and 85-99%, respectively [38] .
There are several limitations in our study which should be considered when interpreting the results of this systematic review: First, many studies had small sample sizes, and most of them were single-center,. Therefore, their findings may be biased and not be reproducible and generalizable. Second, providing several definitions for outcomes, such as ADEs, ADRs, and MEs are confusing. Third, some studies exploited direct observational methods that may underestimate the rate of MEs. At the same time, the role of patients in ME was not considered. In addition, severity and clinical significance of MEs were not considered in most investigations. Fourth, relevant clinical outcome indexes (e.g., thromboembolic events in the case of DVT prophylaxis or GI bleeding in the case of SUP) were not considered and duration of intervention as well as followup phases were relatively short in most studies [median (interquartile range),9 (5) months]. Fifth, cost reported in the included studies were direct medication cost. Until other relevant costs, such as labor costs of pharmacists as well as labor cost of nurses costs for storing, dispensing, preparing, and administering the medication have not been determined, the real economic impact of clinical pharmacy interventions should be interpreted with caution. A final and potential limitation of this study is that synthesizing results across studies was impossible, due to heterogeneity of study methodologies, types of interventions, outcomes assessment and the settings where the studies were taken place. Thus, results were not synthesized and an assessment of bias risk was not performed.
Conclusion
Data of our review support the beneficial role of clinical pharmacists in the improvement of quality, safety, and efficiency of patients' pharmaceutical care in Iran. Clinical pharmacists' interventions have been associated with improved health outcomes, decreased health care resources used, and subsequently reduction in treatment costs. Most clinical pharmacist interventions and activities are about designing protocols, improving drug utilization pattern, as well as detection, prevention, and management of MEs Health care teams would benefit from the involvement of a clinical pharmacist in their team to ensure the accurate and prompt provision of information related to different medications to prescribers, as well as patients. However, the extent of the effect of clinical pharmacists' interventions and the expected funds required to run clinical pharmacy services is unknown. Therefore, further studies are required to allow a more accurate assessment of benefits provided by clinical pharmacists and the costeffectiveness of their interventions.
